T he roots of physiology lie in laboratory observation, and physiology courses continue to rely on laboratory observation to provide students with practical information to correlate with their developing base of conceptual knowledge. To this end, animal laboratories provide a functioning example of interactions among organ systems and a source of data for student analysis. However, there are continuing objections to using animals for teaching, and animal labs are costly in time and effort. As an alternative laboratory tool, computer software can simulate the operation of multiple organ systems: responses to interventions illustrate intrinsic organ behavior and integrated systems physiology. Advantages of software over animal studies include alteration of variables that are not easily changed in vivo, repeated interventions, and cost-effective hands-on student access. Nevertheless, simulations miss intangible aspects of experimental physiology, and results depend critically on the assumptions of the model. We used both computer and animal demonstrations in teaching cardiovascular physiology to first-year medical students. The students rated both highly, but the computer-based session received a higher rating. We believe that both forms of teaching have educational merit. At the introductory level, the computer appears to provide an effective alternative.
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Medical and graduate students find the interaction of the heart and peripheral circulation as difficult as any subject they study. Animal laboratories offer a theater for practical testing of the student's growing knowledge, challenging each to interpret data and thus integrate basic principles with observed reality. Typically, small groups of students work with an anesthetized and instrumented dog, cat, or rabbit. From the cardiac and vascular responses, students learn how these systems function, how they interact, and how they are controlled.
Thus Each demonstration was led by a faculty member skilled in the operation of the software and fully familiar with the physiological concepts being discussed. A single computer was used for each discussion group, so individual students did not have the opportunity to explore the program independently during the lab. The demonstrations were carried out in a manner designed to involve the students directly through question and answer interactions.
Guided by the instructor, the students were led through the collection and analysis of data within the limits of time allotted.
Software preparation.
The computer software (Fig. l) (1 = not useful, 5 = very useful), the animal laboratory received a mean score of 3.78 t 1.12, with a median score of 4 (Fig. 2) . Overall, 39/46 students rated it with a score of 3 or better, so most students found it useful. The computer laboratory received a mean score of 4.78 t 0.72 and a median score of 5;
all students rated it with a score of 4 or better.
When asked if they recommended offering both labs again for next year's class (1 = "not recommended"; 5 = "highly recommended"), the computer simulation received a score of 4.89 t 0.3 1, with a median of 5 (Fig. 3) . The animal laboratory received a score of 3.35 t 1.33 with a median of 3.5. Eleven of 46 students recommended that the animal demonstration be discontinued next year, as judged by a score of 2 or less on that question.
Of these 11, most disliked the animal lab but a few rated it very highly yet suggested stopping it. When asked to choose between the two labs if only one could be offered, 16/47 selected the animal demonstration whereas 3 l/47 chose th e computer lab. Students were also invited to give written comments: 13 requested free time with the computer, and 7 wanted to have the computer demonstration precede the dog lab. Several suggested enhancements to the computer lab, and two suggested videotaping the dog lab.
Faculty Responses
Although the objectives of the laboratories were similar, the computer demonstration turned out to be simpler than the animal demonstration, because it allowed students to focus on one question at a time. With one intervention, one measured variable, and one concept, the computer simulation facilitated a much more ordered approach.
In the animal laboratory, students were faced with relatively more information at each stage. Although the faculty member did act to focus the students' attention on one issue at a time, students were expected to integrate more concepts, changes, and observations at once. In this sense, the animal demonstration was more "advanced" than the computer demonstration.
Accordingly, its greatest benefit was for those students who had the greatest prior mastery of the elementary concepts. In summary, the faculty agreed on several points. Most students benefited from the computer demonstration, but a few floundered in the animal laboratory, mainly because of the challenge of integrating a broad array of information.
Optimally, the computer lab could be used before the animal lab, as a partial bridge to experimental manipulation. The computer simulator was simple enough that students could realistically have used it on their own with negligible instruction, had enough computers been available.
The significant minority of students who either objected to animal use in principle, or were distracted by it in practice, accounts for much of the apparent student preference for the computer over the animal laboratory.
Of the remainder, one distinct group seemed to prefer the computer lab because it was simpler, and another preferred the animal lab because it was more challenging. 
DISCUSSION

